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Skeletal muscle ischemia and reperfusion injury
induce endothelium-derived free radical production
and subsequent signal-mediated inflammatory activa-
tion.1 In patients with intermittent claudication,
repeated episodes of calf or buttock pain followed by
relief are considered to be low-grade ischemia-reper-
fusion injuries, which cause oxygen-derived free radi-
cal formation, neutrophil activation, and systemic vas-
cular endothelial damage.2-4 Inflammatory changes
shown in ischemia reperfusion injury increase intesti-
nal permeability. This phenomenon was observed in
human beings after aortic clamping followed by
reperfusion and in experimental animals.5,6
The lactulose mannitol test (L/M test) is general-
ly used as a means of evaluating intestinal permeabili-
ty in patients with some gastrointestinal disorders, eg,
Crohn’s disease and celiac disease, and in malnour-
ished children with diarrhea.7 This test evaluates
intestinal permeability based on the different absorp-
tion mechanism of lactulose and mannitol in the
intestine. Recently, this test was applied as a means of
evaluating the change in intestinal permeability after
major trauma, in burn patients, and in ischemia reper-
fusion injury during aortic surgery.5,8-10
For this study, we regarded intermittent claudi-
cation as repeated ischemia reperfusion injuries. The
L/M test was performed in patients with intermit-
tent claudication as a means of evaluating the change
in intestinal permeability when they walked and felt
leg pain. Its usefulness as a marker for intermittent
claudication is discussed.
MATERIALS AND METHODS
Subjects. Eleven patients with intermittent clau-
dication caused by arteriosclerotic occlusive disease
(10 men, one woman), with a mean age of 67.1 ±
11.9 years (range, 47 to 81 years) were studied. Five
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patients were hypertensive, and four patients had
diabetes mellitus. The duration and degree of the
claudication symptoms were unchanged for more
than 2 months. In six patients, the duration of the
claudication was more than 1 year, and in five
patients, the duration was less than 1 year. By means
of arteriography, aortoiliac lesions were revealed in
seven patients, and combined aortoilio and femo-
ropopliteal lesions were revealed in four patients.
The superior and inferior mesenteric arteries were
patent in all patients. Eleven volunteers (eight men,
three women) without intermittent claudication
(mean age, 63.6 ± 13.3 years; range, 33 to 76 years)
were enrolled as control subjects.
All subjects were informed about the aim of this
research. All subjects were healthy, except for the
intermittent claudication. The use of any kind of
anticoagulants and vasodilators was suspended at
least 7 days before the test.
The lactulose mannitol test solution. The
test solution consisted of 10 g of lactulose (Sigma-
Aldrich, Tokyo, Japan) and 5 g of mannitol
(Sigma-Aldrich), which were mixed in 60 mL of
physiological saline.
The lactulose mannitol test at rest. After
overnight bed rest and an overnight fast, the sub-
jects emptied their urinary bladders. Then the test
solution was administered orally. In the next 6
hours, subjects were at rest and were allowed no
food or water. All urine was collected for 6 hours. A
10 mL sample was taken from the pooled urine.
The lactulose mannitol test after exercise. On
another day, the subjects emptied their urinary blad-
ders again, and the test solution was administrated
after overnight bed rest and an overnight fast. Then
subjects walked at a rate of 40 m/min on a treadmill
with a 12% incline. Patients walked until they had to
stop because of pain. The control subjects were
forced to walk as far as 200 m on the treadmill. The
ankle-brachial pressure index (ABI) at rest and just
after treadmill exercise was measured, and walking
distances were recorded for all subjects. In the next
6 hours, all urine was collected in the same fashion
as before, and a 10-mL sample was taken from the
pooled urine.
The lactulose mannitol test after arterial
reconstruction. All 11 patients underwent success-
ful arterial reconstruction, the success of which was
determined by means of a reduction in symptoms
and the restoration of an ABI at rest to more than
0.9. The arterial reconstruction procedure was aor-
tobifemoral bypass grafting in five patients, aortobi-
femoral bypass grafting with bilateral femoropop-
liteal bypass grafting in two patients, percutaneous
transluminal common iliac angioplasty in two patients,
axillobifemoral bypass grafting in one patient, and
femoropopliteal bypass grafting in one patient. The
L/M test after exercise was repeated 1 month after
surgery. The patients were instructed to walk the same
distance at the same speed as they had before surgery.
Urinary sample analysis. The urinary samples
were frozen at –20°C until analysis. Urinary lactu-
lose and mannitol concentrations were measured
with gas-liquid chromatography.11 Finally, the ratio
of the urinary L/M ratio was calculated. The result
was considered increased intestinal permeability
when the L/M ratio exceeded 0.035.8
Statistical analysis was carried out with the Student
t test, Fisher exact analysis, and Spearman rank corre-
lation analysis. Differences were considered significant
when the P value was less than .05. All values are
expressed as the mean plus or minus the SD.
RESULTS
The tests were well tolerated in all subjects.
However, two patients experienced diarrhea. The
L/M ratio at rest was 0.022 ± 0.009 in patients and
0.018 ± 0.008 in control subjects. No significant
difference existed. The L/M ratio was less than
0.035 in all subjects, except one patient.
In control subjects (who walked 200 m), the
ABI was 1.18 ± 0.12 (range, 1.02 to 1.38) at rest
and 1.16 ± 0.13 (range, 1.00 to 1.37) after treadmill
exercise (NS). No significant difference in the mean
L/M ratio existed between the ratio after exercise
and the at-rest ratio (0.016 ± 0.009 vs 0.018 ±
0.008; Fig l).
In patients, the mean walking distance was 111 ±
43 m (range, 50 to 200 m) for the treadmill exer-
cise. The mean ABI of patients at rest was 0.49 ±
0.16 (range, 0.29 to 0.75), which fell to 0.14 ± 0.09
(range, 0.00 to 0.26) after treadmill exercise (P <
.001). The mean L/M ratio in patients after exercise
was significantly higher than that of patients at rest
(0.068 ± 0.053 vs 0.022 ± 0.009, P < .05). The
value was more than 0.035 in eight of the 11
patients (72.7%).
No significant correlation was found between
L/M ratios after exercise and walking distance or
between L/M ratios after exercise and ABI after
exercise. The L/M ratio was not significantly differ-
ent between patients who had the lesions of occlu-
sive disease (aortoiliac occlusive disease, 0.059 ±
0.033; combined aortoilio and femoropopliteal
lesions, 0.089 ± 0.079). In patients whose duration
of claudication was more than 1 year, the mean L/M
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ratio after exercise was significantly higher, com-
pared with those patients whose duration of claudi-
cation was less than 1 year (0.096 ± 0.057 vs 0.034
± 0.017; P < .05).
According to the difference between the pre-
exercise and postexercise L/M ratios, the patients
were classified into two groups: those patients in
whom the difference was less than 0.01 (normal
L/M group, N = 4) and those patients in whom the
difference was more than 0.01 (elevated L/M
group, N = 7). Between the two study groups, there
was no significant difference in age, pre-exercise
ABI, postexercise ABI, or walking distance. Their
stenotic/occlusive lesions were found to be similar
by means of arteriography. The mean duration of
intermittent claudication was 1100 ± 974 days in the
normal L/M group and 173 ± 135 days in the ele-
vated L/M group (P = .097; Table). One patient
had a very significant change in L/M ratio after
exercise (from 0.013 to 0.203). He was an 81-year-
old man whose duration of intermittent claudication
was approximately 3 years.
The mean L/M ratio in patients after exercise
decreased from 0.068 ± 0.053 to 0.018 ± 0.016 after
arterial reconstruction (P < .05). In 10 of 11 cases
(91.0%), the ratio was within the normal limits after
vascular reconstruction. The patient who had a very
significant change in the L/M ratio after exercise expe-
rienced a dramatic drop in the L/M ratio after an axil-
lobifemoral bypass grafting procedure (Fig 2).
DISCUSSION
Intermittent claudication is a common manifes-
tation of peripheral vascular disease, affecting at least
5% of men older than 50 years.12 As a means of eval-
uating intermittent claudication, noninvasive meth-
JOURNAL OF VASCULAR SURGERY
Volume 31, Number 5 Iwata et al 1005
Comparison of patients with and without elevated lactulose/mannitol ratios
L/M ratio
Normal (n = 4) Elevated (n = 7) P value
Age (y) 61.5 ± 11.2 70.3 ± 11.5 NS
Maximum walking distance (m) 104 ± 29 86 ± 71 NS
Preexercise ABI 0.53 ± 0.19 0.47 ± 0.16 NS
Postexercise ABI 0.16 ± 0.05 0.13 ± 0.10 NS
Before exercise L/M ratio 0.024 ± 0.008 0.020 ± 0.010 NS
After exercise L/M ratio 0.028 ± 0.011 0.091 ± 0.053 < .05
Patterns of occlusive disease
Aortoiliac 3 4 NS
Combined aortoiliac and femoropopliteal 1 3 NS
Duration of claudication 1100 ± 974 173 ± 135 .097
L/M, Lactulose/mannitol; ABI, ankle-brachial index.
Fig 1. The lactulose/mannitol ratio (L/M ratio) at rest and after exercise. In control subjects,
there was no significant difference between the mean L/M ratio after exercise and at rest
(0.016 ± 0.009 vs 0.018 ± 0.008, P > .05). In patients, the mean L/M ratio after exercise was
significantly higher than the mean L/M ratio at rest (0.068 ± 0.053 vs 0.022 ± 0.009, P <
.05). The value was more than 0.035 in eight of the 11 patients (72.7%).
ods have been used in vascular laboratories. Walking
distance is commonly applied for the quantitative
assessment of intermittent claudication. However,
walking distance is subjective, poorly reproducible,
and may improve spontaneously without a corre-
sponding change in limb perfusion. Resting ABI is
not helpful, but the pressure fall after an exercise test
is widely accepted for the assessment of intermittent
claudication.13 However, it is difficult to measure,
especially when the pressure drop is large.14
Additionally, these tests have a disadvantage, because
they do not provide biomedical or metabolic infor-
mation about intermittent claudication. Thus, many
markers are used to evaluate intermittent claudica-
tion biochemically. For example, urinary microalbu-
min concentration, serum thromboxane A2, urinary
thromboxane metabolites, serum lipid peroxidase
levels suggesting oxygen-derived free radicals activi-
ty, serum amyloid A protein, and C-reactive protein
are evaluated.14-17
The L/M test is based on the different absorp-
tion routes of two sugars. Lactulose and mannitol
are nonmetabolized low-molecular–weight sugars:
lactulose is a disaccharide with a molecular weight of
342, and mannitol is a monosaccharide with a mo-
lecular weight of 182. Lactulose is larger, and its
absorption occurs via pericellular pathways across
damaged tight junctions. Therefore, it is poorly
absorbed enterally in normal conditions. Mannitol,
on the other hand, is reported to be absorbed
through a transcellular pathway through aqueous
pores in the cell membrane.9 Normally, 10% to 20%
of an enteral load is absorbed. When absorbed, these
sugars passively cross the gut, enter the circulation,
remain unmetabolized, and are excreted by the kid-
ney within 5 hours. Mucosal damage, leading to
altered intestinal permeability, has a greater effect on
lactulose absorption and subsequent renal excretion
than on that of mannitol. Factors other than perme-
ability may influence the absorption and subsequent
excretion of both sugars. These factors include gas-
tric emptying, intestinal transit time, mucosal surface
area, cardiac output, diarrhea, and renal function.
However, when both molecules are given simultane-
ously and the results are expressed as a ratio, the
effect of these extraneous factors are eliminated.
Because these factors affect each sugar equally,
indexing excretion of one to the other controls for
the factors unrelated to intestinal permeability.10
Therefore, the influence of diarrhea on the L/M
ratio can be ignored in this study. The L/M ratio
does not change with increasing age, because both
the percentage of lactulose and mannitol excreted
decline.18
In this study, the mean L/M ratio did not
increase after treadmill exercise in the control group
and was unchanged less than 0.035 from the ratio at
rest. The mean L/M ratio was significantly increased
after treadmill exercise in the patient group, and the
mean L/M ratio after treadmill exercise in the
patient group decreased to the normal level after
vascular reconstruction. This finding reflects that
ischemia of the lower leg after exercise initiates
reperfusion injury, and its acute inflammatory
response leads to intestinal mucosal damage and
increased permeability. The L/M test after treadmill
exercise may be used as a means of evaluating inter-
mittent claudication biochemically.
The reason for the increased intestinal perme-
ability in this study remains uncertain. However, the
eicosanoids, such as thromboxane A2 and leu-
cotriene B4, neutrophil-dependent free radical pro-
duction, interleukin 1, interleukin 6, interleukin 8,
and tumor necrosis factor α, were suspected to be
causes of the increase in intestinal permeability dur-
ing ischemia/reperfusion injury in animal mod-
els.14,16
In this study, we found no relationship between
the severity of the claudication and the L/M ratios
after exercise. Various methods were proposed for
evaluating the severity of claudication, eg, ABI
recovery time, which evaluates limb circulation
focused on blood pressure change in the lower-limb
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Fig 2. The lactulose/mannitol ratio (L/M ratio) after
exercise in patients with intermittent claudication. The
mean L/M ratio after exercise decreased from 0.068 ±
0.053 to 0.018 ± 0.016 after arterial reconstruction (P <
.05). In 10 of 11 cases (91.0%), the ratio was within the
normal limit after vascular reconstruction.
trunk artery. This is not, however, the gold standard
for evaluating the severity of claudication. The L/M
test was proposed to evaluate the severity of claudi-
cation, focused on a reaction of microvasculature to
exercise in ischemic conditions.
In patients whose duration of intermittent clau-
dication was more than 1 year, the mean L/M ratio
after exercise was significantly higher than in those
patients whose duration of intermittent claudication
was less than 1 year. The patients who had claudica-
tion more than 1 year should have been accustomed
to their chronic leg ischemia and learned to walk
longer against their leg ischemia than patients with a
shorter duration of claudication. Therefore, patients
with a longer duration of claudication could walk
until their leg ischemia would be enough to increase
intestinal permeability.
Shearman et al15 have reported that urinary
microalbumin concentration after treadmill exercise
gives some information about metabolic change.
They showed that urinary microalbumin concentra-
tions increase after treadmill exercise in patients with
intermittent claudication. However, this method has
a disadvantage. It is affected by renal function, and in
the early stage of type 1 diabetes mellitus, microal-
buminuria can be detected.19 In contrast with the
urinary microalbumin concentration, the L/M test is
not affected by renal function. Its disadvantages are
that it takes 2 days to measure, and some people have
diarrhea as an adverse effect. The mean L/M ratio
after treadmill exercise in the patient group decreased
to the normal level after vascular reconstruction.
Vascular reconstruction is preferable, because it
relieves repeated occult ischemia reperfusion injury
in patients with intermittent claudication.
In conclusion, an increase in intestinal perme-
ability with the L/M test reflects a generalized
increase in vascular permeability. It is reasonable to
use this test for the assessment of chronic ischemia of
the legs, although it remains difficult to perform this
test in usual vascular laboratories. The L/M test is,
consequently, a new method that reflects muscle
ischemia of lower limbs during exercise. Additional
studies are required to investigate whether the L/M
test is useful in assessing the effect of exercise train-
ing or drug therapy.
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